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very similar chemical properties, and the atoms differ only in the nuclei and
the number of electrons in the deep inner 4-quantum level. In hafnium the
5d level contains two electrons which, with the two electrons in the 6s level,
make it quadrivalent, so that it belongs to Group IV.

Owing to the incomplete inner 4/ levels from La to Yb, the rare earth
compounds are (i) often coloured and (ii) paramagnetic, and they are
transitional elements in the wider sense. The ions Sc+++, Y+++, La+++,
Ce++++ and LU+++ are diamagnetic, since they either have no 4/ electrons, or
in the case of Lu+++, a complete 4/ group. In CQ++++ the single 4/ electron
has functioned as a valency electron and has been removed. The ions from
CQ+++ to Yb+++ have 4/ electrons and are paramagnetic. In the table, /z*
gives the effective paramagnetic moment of the tervalent ion. The " active "
electrons in the 4/ levels are partly screened by the completed 5s and 5p
levels, and except in the case of cerium do not function as valency electrons.
The so-called lanthanide contraction is shown by the radii in A. of the
3-valent ions :
Sc 0-83 Y 1-06.

La 1-22 Ce 1-18 Pr M6 Nd 1-15 Sm 1-13 Eu 1-13.
Gd 1-11 Tb 1-09 Dy 1-07 Ho 1-05 Er 1-04 Tm 1-04 Yb 1-00 Lu 0-99.

With Sc and Y (non-lanthanide) there is an expansion of 0-23A, whilst ia
passing from La to Lu (lanthanide) there is a total contraction of 0-23A. The
introduction of an electron into the 4/ level, deep within the atom, pro-
duces only a negligible effect, whilst the increasing nuclear charge exerts
an increasing attraction on the outer valency electrons (the same in all the
elements from La to Lu) and hence gives rise to a contraction.

Element No. 61 is a member of the rare earth group but does not seem
to occur naturally. It is formed by neutron bombardment of neodymium
and has been called promethium, Pm :

It has been obtained in milligram amounts as part of the fission product of
uranium which contains the rare earths.

ACTINIUM:

This is a natural radioactive element derived ultimately from the uranium
isotope 236U and directly by a-ray change from protoactinium (p. 402).
Milligram amounts have been made artificially by neutron irradiation of
radium :

Actinium undergoes a branch-change disintegration, most of it forming
radioactinium by a jS-ray change as shown on p. 402 but about 1 per cent
undergoes a-ray change to form francium (p. 716). Actinium forms an
emanation, the first product of the decay of which is actinium A. This
undergoes a branch change, nearly all of it forming actinium B, but a very
minute amount forms astatine, a seventh group element :
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